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°1 -T-^rtb JlT^dt «<HM§ ^71^1-^ ^S« 0 V^ol ^l^tf. 

MgO ^ 100^^; ^ #7] MgO^ 7l§o.S, n ^j£7} -325mesh^lJL Si* 
25-70^^% ^-H-s>^ Fe-Si^l 0.5~85f^-*f;* 

°H , 700°C ^ ^-7] MgO# 3 iHr^l 0 . 1%°) 6-f 7> S] 7j-^- 

-8: 5oor^i§>^ ^-<as-H Mgof- %^7\>§- --r-^-g-aoo-a- 4#*>JI, 

lHXTC^M^ ^^ll^o}) -o- 100%^ 417}-^ -g-^ 7} «)} a] 7j-<g*H %ifl-^%=4 0.25% 
°1<E>}51 *I1<H*H , JZL o]^ > ^-i?)7l 7>^-=- 10%ol*> ^i-#f r ^db^7lS 4<HsH 

w o v ^ ^.7)7^, ^JEiaj), Fe-Si, ^fM) 
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-f ^ JLrtdi « 0 >^ ^7l^ ^12- « c v^ {Method for manufacturing 
high silicon grain-oriented electrical steel sheet with superior magnetic 
proper t ies} 

<£l ^lS^ W ^l-S^r^l-Sl, *\] <£ Mg0<% ±% $ s^-i- ^ 

fMl«- ^e^^Hfls. ^j-^oii ^ie^l^i .2^711^ fvSL *1 ^77 r *l 

^Tr^IcS' ^^S. *)M*>JI, ^zsHr fEoflAi. ^ *\]o). 

3% Si^£r# #-frtr ^'AS ^ ^ ^ ^7} (110) [OOl]^ 
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7> ^^Ai Ji^sH] A) 7>7l ^ ^ Ol °- + *J. ^Aj^Hl tfltF ftflSl7l A] 

Fe-Si^^l^i ^7>^^- *i£#o)H 7};2j], ^.7^, 7} 

n}e} ^7>^ ^ol 4qjL 6.5%Si^^^i iloH 5^ 6.5%Si#£r 

#0)^7 ^o] fe -g-^ 3-g-°l 7Br*V4. 

^sU-fl Fe-Si^l^ fl-i^^l ^7>^^- ^ 
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<6> ^1.^-^1 Jl^^i^^- %V 4, ol- « 0 >^J>S <£3^ 7l#*^- ^^-711^ 56" 

3625 JL^^I 3rf- SE^r °1 -§- ^ Jl^#2) 3] ^ ^ ^ o] oj 3 , <y ^ ± 

62-103321^^ 7><i^-Bfloll^ <y-<g^ ^Ti^o^, ^'s. 7 fl 3g 5- 

32fl£.<3-<3f|°l <£b^ ojo.^ ole^ 7l#l-^ ^S^l^ S^ul $J 

<7> ^ JLfl-db^- 3%^ ^^*)1^8: SiC147>^l- ol-gL 

*V sl-^^ (CVD^ i?^^8: ^flX^ofl -f ifl- 

TflSSKr 7l£-5LA-], o] 7 ]^g. ^^-711^ 62-227078 ^ USP 3423253^ 

ofl i: <g&\*\ SX^. -LZ\^} 2)-^^-7l# 7}-*M °i 

?-)-g-o.5L oisfl y]^. 3%Si# . ^11. Ol^2] J17>^ ^117} -Sr7l-3^-f^ 

<8> ^7fl ^l^ofl ^7l7j-^l# ^ JH^Tj- afl^g. 6.5% ^^2] 

^ Wfl^^^ £M 7>5^« 0 >%1=t 7p^^> 7 > ^ S\#7)-%-SL5L ol-g-^^u]- ; 
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<9 > ^. ^-t^^- ^2fl7|^ «M^>7l 530.5. Ai, 

MgO^l <£5.2\- 31^4- Fe-Si^l i^-g^-i" 

<10> <$7] ^*>7l -W- f^i, as- 7}]7V<aW ^#^-<2<5}aI , 

^ 2 ^^lf .ii^ : ^•^^-W 1200 .^A]^ 

7^ *I12:^H1 &«H-*T,'- 
<11> A o V 7l t^^e^ a<go)l ; 

<i2> MgO M lOOf^^-; ^ ^-71 MgO^ 7l^o.5. ( ZL <Q£.7}. -325mesholZL Si« 
25~70f^% Fe-Si3l ^-g-^ 0.5~85^^-;# 2i^s\^ 
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°1<H, 700°C o l A cMH A oM MgO^ fl^S^l 0.1%ol§>7> -#7] 
# 500°C^>^ *]£:«*fM '-g-<l*H M g0^ S^Hr ^Sj-^(LOI)^: tifl#5>jl, 
1100t^>^2l ^^*V^l^r 100%^4i7>i -g-^7HH 7><i*}^ ^Jff-^^* 0.25% 
ol*>S ZT o^, f^7l7}it 10%^1S-1- ^.4ifj-p r ^£-£]7li?, ^o]5H 

^fl-Sj-A^ <Q-^1^ ^7^-^. ^ M.y$ o.^. ^ J7^ 

^ Fe-SiA ±.*d^&°) ^JE3E*1}» "^a^ 

$3?% ^^^f. cll*}-^^- ^12002-69648.^5. *1H*}- a> $14. 

a)- oj-g-ei, o>^-al, ojs- d^^wl^. Mgoofl ^^.^1 

a1^>ji $1x4. 
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=L&t\] ^?m°d ^^€4^1 ^^nm ^ -s-n-^i 2^ 

« ^ ^SLS-^sL Si^o] Fe^4 ^tf^ Efl <y 

FeSi 2 , FeSi, Fe 5 Si 3 iE-^r Fe 3 Si Fe-Si7fl sj-^l-^EflS. <£1-<H ^rt^ ^ 

5.2.x\]Q) cl^^-rf. s£ 7 ) Fe-Si3] Si^-^ ^"5L 

.tJ-*H ^^M- SE^ ^r^Q ^^-7>>ier>o11^ 1000-1200 °C^1 >8r£^^ 

5-10*1 # ^ ^>c^ S ^- ^ oj a 1+ , ^ -8: °1 o|] ^ig^j ^5) ^ . 0} 

, M ^ ^^ ^-S. ZL 4^7} 7>W o] l}; 

<>lnfi Fe '-g^if. Si^-^ ofl^-^oll ttfe} ^^-^-^ S}^-§-^-g-ol 6]^. 

50%Si+50%Fe^l^ FeSi 2 ^ sHS-i-o^ ^3^, 34%Si+66%Fe*l *\]^ 

FeSi^ s]-^-i-ol > 25%Si+75%FeA>Hl^ Fe 5 Si 3 ^ 3tJ-^#3, 14%Si+86%Fe*Hlfe Fe 3 Si 

21-9 



1020020074327 



m. mJ-^a^ £<H*1. Fe-Si^l 4i^MMM Si^^ 2&-70^tH&3. 

7^ 2:^- ^ ZLS]ZL Si/t^l 70 %1- ^2>s>^ -^^-ol Fe Si 2 ^ '3j-<g'^ ^ 

^fl-^-Aj.^. s^ls. a}^}*) Qjl Si^*l Fe^3f ^£ W#^?fl«y FeSi 2( 
FeSi, Fe 5 Si 3 Fe 3 Si ^-b]]^ Fe-SiTl] ^^-^ ^l:^ PlS ^fl-*^ 

.TiclJl Aj. 7 l2l- ^-o] Fe-Si7il ^^-^-i: MgO^t^ 3 

n^o] A>-g-^ 7j.f , ole-l^- ^1-^ *?}f- 

Fe-Si^l ^£7} 7>^tbt!: *HsH°> S^Hl^l^ 3L^^X] ^s. 

s-jM- ^71 ^ti>-g-o] ^ Fe-Si7jl ^^-t^- # #-§-<>M ^\±. 
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^<^Tr <>m Fe-Si 74} <a 

°1 ZL ^-£7> D]AHtV Fe-Si 741 <4^£-^# 7^ g_T$o\] ££fo.S^ 4i7fla}- ^4=-$ 

n -325meshS ?M jicf h>^^>4. 

5&th ^-^S^Itt %7}9\- y^o] Fe-Si 741 ^^-i- 

MgO^-^Hl ^.€4. ^.^^.S,- £ ^^1 g-^Xafl^, 

&sl X| 51 ^ i ^.oj M go lOO^^^l , ^71 Fe-Si Tfl ^ ^ 0 . 5~85f^^« ^ 

H-r- 3 -n , hl*v 85%-l- ^sf§>^ MgO^-54. £^ °1 ^f-Ai^ £if ^Bl 

^^-■a, <MT.$I*I ^^.^t?-^ ;^e|7> 04 S ].^ H>a-ai^i &t}- 

tq-^S, /a-#^r ^-^i^ll- oi-g-^- ^- «^5l « 0 V^ #71#J& ^^-g- ^- 
^7><it!-^ iTi^^, ^^^-^ * ^^-^0.5. ^-^1 
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°}^, ^7) SiMr 2.9-3.3^% %^\JL $X^} 4^*}tK. 

2fli4^>^ zl ^--B-^ol 2.9%v)*J:°\)*\^ M-bb^Iji, 3.3%* ^^j-ig #6] 

<29> iLt} H>^^l- 7 ij^ ) 41-71 ^^y.^ f^S, C: 0.045-0.062%, Si: 2.9-3.3%, 
Mn: 0.08-0.16%, Al : 0.022-0.032%, N: 0.006- 0.008%, % % ^7\A^ 



llSO-C-^OO-C^ 7fl7]-«i*>ZL, o]o-) <g#o]-<3sH 2.0~2.3mm-¥-^l^ 



^t}. ^elJL 1100°e°l*>^ -^S^H ^^^^ >>J1, ^ 



^^7)1^1 0. 20-0 . 30^1 S. 2^ *M , 0 . 20mm^£] ^ -f 23J -2] <1 <3 ^ 
3? ^7lsf^ 840~890°C^-e^l^i ig-ig- ^ 
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f°lu q«-8: -SfES .^^<>1 &7]#% *\}2,d\] M.^- ^-^}7\] ^ 

<32> ^*|| 3-^-5., #7l Mg(H Fe-Si^l ^-^£5.^1- #<H1 

&2i-&I£.-St 200-700 °C5. *fl^°l «} ^^>cf. 

^. ^, ~& ^^r, ir£-*-SL 10-20 °C/hr si 7}-<t*H 1200°C 77}*] JL, ?\)4=- 

*M 1200°C^1^ 20Al7>ol^- ^<g^ v|^>^ ^40] 2 ^M^ i^-'^-a- °1 

°1 , *FrBl 31^:^ 2:7j* ^1^^ 7A 0 1 -S-^^Cf. 
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<34> £ ^^-m s.a^o^ Hj-^ 7oot: o HHl^i 

£-Bl*fl MgO^ fl^-g-o] p.l%©.l*>7> #71 ^12:^ 7j-^ 500to)*H 7^ 

* ^-g-^r . i 3K> ^Ml£-<3 Fe-Si4 a J^H Si^s] 

■aKH^ fl^ 4^(L0I)^I o:i%^:&l7> ^a>\ ^&.z\t±. 

<35> St!" ^ ^<*IMfe ^Al^O.^ 1100 °C 100%^7}^ 

<36> ol e] *V ^^-^ofl^ ^^-^-^ 7l# 100%^4i7>^ 7}S. ^M^Rr , °] 3 1!: 

*fl#* ^ ^. Sa'7l nfl-g-ojcl-. 
<37> #7l 2*>*M^°1 ^SL^ HOOT] ^7}7}^ lWoO)*} ^^^-B- ^ri^ 
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<38> =Lt\JL <$7] JL^r^ 7^^ S.^$] n] tiV-g- M oj j^ ^^*V 

<39> -##?P W><4. ^o.l ( a.f^ r^-g-E^l MgO^l Fe-SiT?} i^g-^ 2i 
^€ ^fMl* #5]^ ^EflS. 7^o]] 5L o)M. 3j_^XY^~a}?Q<>\) olo^A^ 

<40> °1*>, xgxg-z. jiuf 

<4i> (^*Hi) ' . 

<42> f^%%S, Si : 3.20%, C : 0.045%, P : 0.014%, -g-^ Al ': 0.027%, N : 0.0075%, 
S : 0.005%, Mn : 0.10%, Gu : 0,12%, Fe ^ l:7}3Z)S}7fl ¥^£"§- 

Ifs}^ Zi^^xL- 7££-?.}u_-E- 1150 "C^ ^ri^H Jj\7}<iZ}51, 1100°CS] ^-5Lo)l 
l^^^fV^ ^^-31^. °H, ^ ^#^17> 0.23mm7> <i<?|## 
•y-^* ^]*}o|tf. ols^l ^<S^# <y-S.qol-7>^ 0.5%7> ^± §3 

^^-7>^ ^^7l^HH 880°C d^^rJES t^s^e)* 
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°H, ;#44 4^ MgO 100^^4 tfl5H >; -l <y£7> 

-325mesh°l^l 50%Si# '^-fr^: Fe-Si^l 25^^» . .^34 ^fl- 

^1 #<H1 £-^H4 ^fii^EflS ^ °1» #4 5L 

a*fsa^,"oi^ ; 7bo p<>l^ £s*v 4-g- 4^*}<s) tfi^afa'^- 

4, 

#714 ^-o] 7j-^ 24*11 4$ *H3 4iL ^ l^i^f ^>7l 

a 14 Qo] ^ n>^-Bl ji^^ ^4*}£4. ^aflaj O..S., 600°Col§]-^ 
4 ^4*]- 44 T 3" 15 ICS. 7\<£?>\d\ 1200°C44. 

^■£r??[*\5L, OH, 1200TC«H)H 25*1 # ^ ^44fe ^>«=>1## 4*l^r ij-^g 

<*I144 Ji^ri^.^ *}7] s. i4 ■ ih^Hi4. 4^ ^4^ 

# 700t°lT4 "H-V-^l^^- «»MH . ^fl-S-i^]^ MgOsl 3 t-1--^(L0i 2:4*B3 o. 
4, lioop^Hi #1#4<*1 ^^^4 Si^ #7>.^-g- s4*H ^ ^4* £t '4 l 
°11 44^&4, 

ZL^Jl ol^Tl] -H^^S]4 ^l^o] cjyv-g-l-s.^ ^^jlS. ^7\^; 

4°-5. ^4 ^is^Ml* je^M ^<S2)4#-§: ^4<*1 *l7R> 

4 *fl^§- 42:4534. 
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^-g-E] £i^>Bfl^ 

€^ W 17/50 ^r 50Hz, 1.7Tesla<HH^ ^^^V, W 5/ iooo^ 

1000Hz, Q.5Tesla4^^ B8-& 800A-turn/m^ 

^i'^fl-i; H *}#*rS TeslaS M-i=H , zieU d^fl Si 



[3. 11 
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^7] I H w}<4 ^oj, 700°C^1^1 MgOf^ fl^^-CLOOol 0.1%°l 

*H>1jL, 'l'lOOtJ^H 100%ll i7>^Hl^ *).?}*H Si^^o} 0.25%ols->S 5)dLS|- 

^ hoot: °\$- io%°W ^dt^-fr ^S-^Hxj > ^*ll(i-4H 

^ ^^riL^ ^fl^fl^ Si ^j=°l 4. 2-4 . 5%7>*1 ^ fl-iS^ 4 <>>-g-iH , W 17 /so 
0.71-0,72, W 5/i ooo:6.4~6.5^ 4^ ^W^-jr ^ &$cj-. 

°H 31 700 "C^l^^ L0I7> fe£ wl m ojl(l~2), ^-^7l7>^ ^i^ol 50% 

3. HOOTCH Si ^t^I H-t- ^ al5lofl(3), H^JI ^ ^5-1 

(4)^r SL*f- ZL #^1 . . 

SEft, 1000 °C^H^ ^^TflollAi ^-^ 7 >^S^ol £ HVtgol vgo)^ 

A l 3 ?M ^H^l: -f- cl * ^iofl^ jifl-^s}- ^-Afsl^s. ^ 

^-o.^ ^^^2} ^>7l^^ ^7f 7}^ 0. 20-0. 30mm^- JL 
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U 

MgO -g-t 100#^; §2 #7] MgO^-^" ;7\&£LsL; ZL <%5L7} -325meshol 31 Si 
1- 25~70^% f-B-*Rr Fe-Si 7^1 0.5~85^^;» i^SH S^S)^ %| 

°H, 700 1: °1 -*HM ,MgQ^ $Hhr€-°l 0.1%ol*>7> ^7] 
#^8: 500lCol^ ^^^Ai ^-I^H MgOf- fl^Rf ^5j-^(L0I)> wfl#S}JL, 
1100°C^151 *£^>f^l^ 100%^7}^ &4]7}<*\}*] 7}<^-&\c^ lif^U 

<H*H ^■TT-'^^hS- #.^Rr ji^^.-^f^ ^ ^ o] 

: *fl 1^1 SH^*), ^7] Fe-Si 7)1 ^Sl . 3# 
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